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We study the consequences on the neutrino oscillation parameter space, mixing angle (tan2 θ)
and vacuum mass difference (∆m20), when mass varying neutrino (MaVaN) models are assumed in a
supernova environment. We consider electronic to sterile channels νe → νs and ν¯e → ν¯s in two-flavor
scenario. In a given model of MaVaN mechanism, we induce a position-dependent effective mass
difference, ∆m˜2(r), where r is the distance from the supernova core, that changes the neutrino and
anti-neutrino flavour conversion probabilities. We study the constraints on the mixing angle and
vacuum mass difference coming from r-process and the SN1987A data. Our result is the appearance
of a new exclusion region for very small mixing angles, tan2 θ = 10−6 − 10−2, and small vacuum
mass difference, ∆m20 = 1− 20 eV2, due the MaVaN mechanism.
PACS numbers: 13.15.+g, 14.60.Pq, 14.60.St
I. INTRODUCTION
Evidences from experimental data of type Ia su-
pernovae (SNIa) [1, 2], cosmic microwave background
(CMB) radiation [3] and large scale structure (LSS) [4]
point out that our universe is in accelerated expansion.
One possible explanation for this acceleration is dark en-
ergy which contains 70% of the total energy of our uni-
verse. Dark energy could be a cosmological constant
(Λ), or simply, the non-zero vacuum energy, which is
quite close to the critical cosmological energy density,
ρc ≈ ρΛ ≈ 4 × 10−47GeV4. However one critical point
of Λ is the necessity of a fine tuning, once that accord-
ing to theoretical expectations, ρvac is 10
50−10120 larger
than the magnitude allowed in cosmology. In reference
[5], Dolgov emphasizes:
1. Why vacuum energy, which must stay constant in
the course of cosmological evolution, or dark en-
ergy, which should evolve with time quite differently
from the normal matter, have similar magnitude
just today, all being close to the value of the criti-
cal energy density?
2. If universe acceleration is induced by something
which is different from vacuum energy, then what
kind of field or object creates the observed cosmolog-
ical behavior? Or could it be a modification of grav-
itational interactions at cosmologically large dis-
tances?
From the questions above, other candidates for dark
energy have been proposed, such as: quintessence, K-
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essence, tachyon field, phantom field, dilatonic dark en-
ergy, Chaplygin gas (for excellent reviews see [6].)1.
Furthermore, neutrinos are powerful tools for astron-
omy investigation [7] and they play a crucial role in the
mechanism of supernova explosion, according to the stan-
dard scenario [8]. Based on the very interesting fact
that the scale of the neutrino squared mass difference
((0.01 eV)2) is similar to the dark energy scale, the pos-
sibility of neutrino coupling with a scalar field naturally
arises. Hung [9] developed the idea that sterile neutri-
nos could have a relation with the accelerating universe.
He proposed that the sterile neutrino obtains its mass
through a Yukawa coupling with a singlet scalar field
whose effective potential is of a “slow-rolling” type in
which the vacuum energy is given approximately by ρvac
and the effective mass of the sterile neutrino is propor-
tional to the expectation value of the scalar field. When
this scalar field evolves, the sterile neutrino mass changes.
Fardon et al. describe that the total energy of the cos-
mological fluid can vary slowly as the neutrino density
decreases [10], in a similar way of Hung’s model. Conse-
quently, the coupling with a scalar field causes a variation
of the neutrino mass (dynamical field) proportional to
the local neutrino density and perhaps to the baryonic
matter [11]. This picture has been called Mass Vary-
ing Neutrino (MaVaN) models . Afshordi et al. [12] and
Bjalde et al. [13] showed that the proposed MaVaN mod-
els, in the non-relativistic regime, could be threatened
by the strong growth of hydrodynamic perturbations as-
sociated with a negative adiabatic squared sound speed.
Many articles have treated neutrino oscillation via the
MaVaN mechanism [14–22]. We observe, nevertheless,
that these articles focus on solar and atmospheric neutri-
1 There are alternative scenarios to explain the acceleration, such
as modified gravity with an introduction of quantum effects -
higher curvature corrections - to the Einstein-Hilbert action.
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2nos, as well as observations from accelerators and reac-
tors. However, the assumption of MaVaN mechanism in
the neutrino evolution in supernovae environments has
not been fully explored yet. In fact, the only article that
connects MaVaN and supernova is Li et al. [23] which use
data from a type Ia supernova to limit the interactions
between neutrinos and scalar dark energy.
In this paper, therefore, we investigate the conse-
quences of MaVaN mechanisms on the neutrino propa-
gation in a supernova environment. We take into consid-
eration that recent results from WMAP-7 [24] indicate
that the number of species of relativistic neutrinos is
equal to 4.34 ± 0.87 which, in contrast with the stan-
dard model three active neutrinos, suggest that there
may be additional species of neutrinos, for example, a
sterile one νs, possibly an SU(2) singlet. These sterile
neutrinos can present masses ranging from a few eV to
values larger than the electroweak scale [25]. Therefore, a
natural and potentially interesting investigation can arise
from the analyses of (anti)neutrino oscillations νe → νs
and ν¯e → ν¯s in supernovae under the assumption that
MaVaN models are implemented. We evaluate the con-
sequences of such (anti)neutrino oscillations on the signal
of ν¯e and νe in terrestrial detectors, as well as on super-
nova heavy-element nucleosynthesis (r-process).
The crucial point of our analysis is the fact that Ma-
VaN model can directly affect the relevant parameter
for neutrino oscillations, namely, the squared mass dif-
ference, ∆m20. We propose a phenomenological MaVaN
model that is more convenient to test using neutrinos
from supernova. Such parameterization allows to fit the
amplitude of the ∆m20 variation, the position where the
variation begins and also if the masses will increase or de-
crease along the neutrino trajectory. We use this param-
eterization to evaluate the constraints on the oscillation
parameter space, tan2 θ×∆m20 (where θ and ∆m20 are the
mixing angle and the squared mass difference in vacuum,
respectively), coming from the r-process nucleosynthesis
condition, Ye < 0.5 [26, 27], and by the limit for the av-
erage survival probability coming from SN1987A data,
〈P 〉 < 0.5. Note that problems and criticisms to these
MaVaN models were pointed by Peccei in Ref. [28].
The conclusion of our analysis is the following. With
our MaVaN parameterization, significant modifications
happen in the probability iso-curves in (anti)neutrino pa-
rameter space, leading to new regions of exclusion. This
happens particularly when the evolution of mass-squared
difference inside the star is suficiently slow to avoid non-
adiabatic conversions. Besides, we find that the r-process
nucleosynthesis is not affected by the MaVaN assump-
tion.
This article is organized as follows: section II presents
the neutrino oscillation mechanism and the assump-
tions and approximations used in our work. Section III
presents our proposition of a new parameterization of
MaVaN model. Section IV contains our results and re-
lated discussion. Finally section V summarizes our con-
clusions.
II. NEUTRINO OSCILLATION AND
SUPERNOVA NEUTRINO SPECTRUM
Supernova flavor spectra are not known with precision.
In fact, several degeneracies are presented in neutrino
emission parameters, as it is shown in [29]. Therefore,
we will focus on an unpretentious approach: how the
pattern of flavor conversion is affected by the inclusion
of MaVaN in a supernova environment. In this frame-
work, we assume a two-neutrino oscillation phenomenon
and that some typical emission spectrum can be repre-
sentative of a wide range of possibilities. Although this
is a very naive approach, it is sufficient to appreciate the
general features of the important modifications in the
neutrino oscillation pattern introduced by MaVaN in a
supernova environment.
Some comments about the assumptions for the neu-
trino oscillations we are interested in this article are in
order. From the neutrino phenomenology we know the
existence of two small mass scales, ∆m2atm and ∆m
2
sun
and two large mixing angles, θ21 and θ23, and one small
angle, if not vanishing, θ13. We are interested in oscil-
lations between active electronic into sterile neutrinos as
well as oscillations between active electronic into sterile
anti-neutrinos in a supernova environment. For this pur-
pose we will include a new scale, ∆m20. This new scale
needs to be much larger than the small scales for active
neutrinos - ∆m20 >> ∆m
2
atm,sun - in order to be compat-
ible with constraints for sterile neutrinos.2
Such oscillations must be treated considering that both
neutrino and anti-neutrino conversion can be resonantly
enhanced in matter, the so-called Mikheyev-Smirnov-
Wolfenstein (MSW) phenomenon [31]. Nevertheless, for
a convenient choice of the squared mass difference in vac-
uum, we are allowed to neglect the conversion to sterile
neutrinos in the inner core, for all values of the mixing
angles we considered [32]. We will assume therefore that
1eV2 < ∆m20 < 10
4eV2, always positive. Consequently,
neutrinos carrying tens of MeV of energy will not suffer
any resonance, since the core matter density is approx-
imately 1014 g/cm3. Then the electronic potential is so
high that no resonance will occur for any mixing angle
inside the core. Furthermore, one neglects ν−ν forward-
scattering contribution to the weak potentials in first ap-
proximation after neutrinos have escaped from the inner
core of the star. Recently, issues of self neutrino inter-
actions were discussed considering three families by Das-
gupta [33] and Friedland [34]. An analysis of self neutrino
interactions considering two families was done in [35, 36].
The equation which governs the flavor neutrino eigen-
states evolution along their trajectory inside the super-
2 For an analysis of sterile neutrino oscillations in cosmological,
astrophysical and terrestrial media with various mixing and a
wider range of ∆m20 see [30].
3nova can be written as:
i
∂
∂r
[
Ψe(r)
Ψs(r)
]
=
[
φe(r)
√
σ√
σ −φe(r)
] [
Ψe(r)
Ψs(r)
]
, (1)
where
φe(r) =
1
4E
(±2V (r)E −∆m20 cos 2θ), (2)
and
√
σ =
∆m20
4E
sin 2θ. (3)
with ∆m20 > 0. Under the assumptions described above,
the matter potential can be written as follows
V (r) =
√
2GF
[
Ne−(r)−Ne+(r)− Nn(r)2
]
. (4)
In Eq. (2), the signal + is for neutrino, whereas the
− signal is for anti-neutrinos. ∆m20 is the squared mass
difference between two neutrinos mass eigenstates in vac-
uum; GF is the Fermi coupling constant; θ is the vacuum
mixing angle and Ne−(r), Ne+(r) and Nn(r) are, respec-
tively, the number densities of electrons, positrons and
neutrons. Np = Ne− −Ne+ , which is the number density
of protons, does not appear in Eq. (4), because electric
charge neutrality of the medium was assumed. Note that
neutrinos (anti-neutrinos) undergo in a resonance when
V (r) = ±∆m
2
0
2E
cos 2θ. (5)
The range for θ parameter is 0 ≤ θ ≤ pi/2. Our results
can also be extended for the neutrino case oscillation,
where the results in the region of 0 ≤ θ ≤ pi/4 for anti-
neutrinos will be the same for the neutrinos in the region
of pi/4 ≤ θ ≤ pi/2 and vice-versa.
The matter potential can be rewritten as
V (r) =
3GF ρ(r)√
2mN
(
Ye − 1
3
)
, (6)
where Ye is the electronic fraction
Ye(r) =
Ne−(r)−Ne+(r)
Np(r) +Nn(r)
, (7)
mN is the nucleon mass and ρ(r) is the matter density
profile.
We will consider that the spectrum of neutrino emis-
sion can be written as [37]:
dN
dE
=
L
F (η)T 4
E2
eE/T−η + 1
, (8)
where η is the pinching factor and
F (η) =
∫∞
0
dxx3/(ex−η + 1). For this spectrum
〈E〉/T ≈ 3.1514 + 0.1250 η+ 0.0429 η2 + O(η3). Typical
values of η are ηνe ∼ 2, ην¯e ∼ 3 and ηx ∼ 1 [38]. The
average energy of neutrino species is 〈Eνe〉 ≈ 11 MeV,
〈Eν¯e〉 ≈ 16 MeV, 〈Eνx〉 ≈ 25 MeV (x = µ, τ). L is
the neutrino luminosity, which is approximately 1051 erg
s−1 and it can be considered equal for all neutrino
flavors. Other choice of parameter spectra in Eq. (8),
using codes such as those ones presented in [39, 40],
can be extracted. We use in this work the electronic
potential profile for a supernova with a post bounce
time evolution equal to tpb = 2 s, where the size of the
neutrinosphere is approximately equal to the core size
and the supernova is in the stage where heavy nuclei
start to form.
In the MSW effect, the computation of the neutrino
probabilities can have two regimes, the adiabatic regime
which depends only on mixings of neutrinos in the initial
and final point (and then can be calculated analytically)
or the non-adiabatic regime, which depends on the path
crossed by the neutrinos and can be found by solving nu-
merically the Eq. (1). In standard scenario, all adiabatic
effects for small mixings happen for ∆m20
>∼ 100 eV2. For
the results shown here, we will use the averaged proba-
bility over the neutrino spectrum described in Eq. (8).
III. MASS VARYING NEUTRINO MODEL
We adopt a phenomenological approach in modeling
the MaVaN mechanism3. We will implement the MaVaN
mechanism by changing the mass-squared difference in
vacuum (∆m20) to a mass-squared difference (∆m˜
2) that
depends on the neutrino density (nν) of the environment.
In principle, we can also change the mixing angle, but we
prefer to avoid this for simplicity. Also, the squared mass
difference in MaVaN framework is the same for neutrinos
and anti-neutrinos, (∆m˜2)ν = (∆m˜
2)ν¯ .
We choose a parameterization for squared mass differ-
ence (∆m˜2) in the MaVaN scenario such that we have,
at same time, MaVaN induced effects and Mikheyev-
Smirnov-Wolfenstein (MSW) effects [31]. For this we
build the following function
∆m˜2(r) = ∆m20 −
δ
1 + (nν(r)/n0ν)
−η , (9)
where the neutrino density, nν(r), assuming that the neu-
trinos are equally produced in the neutrinosphere with
radius Rν ∼ 10 km, is given by
nν(r) =
L
〈Eν〉
1
8picRνr
ln
(
r +Rν
r −Rν
)
, (10)
where r is the radial distance measured from Rν and c
the speed of light. For larger radius r  Rν , the neutrino
density is written as nν ∼ r−2. The parameters n0ν and
3 In [41] it was proposed a phenomenological construction of a
MaVaN model in the cosmological context.
4η are constants to be chosen. For nν  n0ν (nν  n0ν)
the value of ∆m˜2 tends to the asymptotic value of ∆m2
(∆m20 − δ). The choice of n0ν and η are based in some
considerations about the relative weight of MaVaN and
the MSW mechanism.
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FIG. 1: (Colors in online edition) The evolution of ∆m˜2 from
Eq.(9) is shown for ∆m20 = 10 eV
2, δ = ± 10 eV2 and
n0ν = 10
25, 1015 and 34500 cm−3 for the solid, dashed and
dotted lines, respectively. The values for the parameter η are
shown in the plot. Upper curves for negative δ and lower
curves are for positive δ.
In Fig. 1 we plot the effective mass difference, ∆m˜2, for
some values of n0ν and η. For the choice of the neutrino
luminosity L ∼ 1051 erg s−1 and neutrino average energy
〈Eνx〉 ≈ 16 MeV, we have that for almost any value above
n0ν > 10
28 cm−3 and η < 1 the effective mass difference
∆m˜2 reaches the vacuum mass difference ∆m20, inside the
supernova. For comparison, the model presented in [15]
is very well reproduced by choosing δ = 10 eV2, η = 1
and n0ν = 34500 cm
−3 but for these parameters we have
no overlap for MaVaN and MSW effects.
The MaVaN mechanism with MSW effects will be ef-
fectively given by changing ∆m20 → ∆m˜2 in Eqs. (1)-(5).
The interplay between the MaVaN effect with MSW ef-
fect is very effective when the resonance condition hap-
pens for the effective mass difference
V (r) = ±∆m˜
2(r)
2E
cos 2θ. (11)
with the +(-) sign attributed to neutrinos (anti-
neutrinos). In the MaVaN mechanism, due the nν ∼ r−2
asymptotic behavior, we can have the ∆m˜2(r) changing
the sign inside the supernova, from positive to negative
values, including the point where ∆m˜2(r)→ 0 as shown
in the bottom part of Fig. 1. In this region non-adiabatic
matter effects can happen.
Fig. 2 shows the electronic potential (Ve, solid line)
and the right side of Eq. (11) for anti-neutrinos, with
the minus sign, for ∆m20 = 1 eV
2 (dashed line) and
∆m2 = 1.4 eV2 (dotted line), for a value of tan2 θ =
2.5 × 10−5 and δ = 2 eV2 with an average neutrino en-
ergy 〈Eν〉 = 15 MeV. We have chosen the δ parameter
inside the range δ = 1− 20 eV2, so that the effect of new
physics does not disturb the adiabatic effects that hap-
pens for ∆m20
>∼ 100 eV2, as discussed before. In this way
the new MaVaN effects can be analysed more indepen-
dently, avoiding a disturbance in the standard adiabatic
effects in the inner region of supernova for large values of
∆m20, around a radial distance of 10 km. In the MaVaN
framework, from Fig 2, it is possible to see the appear-
ance of new resonance points. Now we have fixed the
range for the parameters δ and n0ν and we can begin to
study the MaVaN phenomenology.
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FIG. 2: (Colors in online edition) The solid curve represents
the electronic potential (Ve), calculated from Eq. (6). Dotted
(dashed) curve is the right-side of Eq. (11) for anti-neutrinos,
for ∆m20 = 1.4 (1) eV
2, with δ = 2 eV2 and (η,n0ν) = (0.5,1×
1028 cm−3) for tan2 θ = 2.5× 10−5 and 〈Eν〉 = 15 MeV.
IV. RESULTS AND DISCUSSION
It is possible to constrain the oscillation parameters,
such as the mixing angle and the squared mass difference,
from the SN1987A data [42–44] in a number of ways. One
of them comes from the spectrum of the observed events,
probably dominated by ν¯e. From the observed energy
spectrum of SN1987A, the analysis from Kamiokande in-
dicate that the temperature of ν¯e is lower than the ex-
pectation [45]. The second constraint comes from the
expanding envelope driven by thermal neutrino wind of
the supernova which is a possible site of heavy nuclei
formation beyond iron (r-process nucleosynthesis). Since
the νe and ν¯e conversion into a sterile state (or even into
an active state) happens in different rates, the fraction of
neutrons to protons, determined by ν¯e + p→ e+ +n and
νe+n→ e−+p, is modified by the oscillation mechanism
in a radial distance from the center of the star of about
a hundred kilometers. Related to this constraint, a very
simple bound is Ye < 0.5, which can be extracted from
5case η n0ν δ Figure
case 1
0.5 1.0× 1028 +20 eV2 Figure 3
0.5 1.0× 1028 −20 eV2 Figure 4
case 2 0.8 1.5× 1030 +20 eV2 Figure 5
TABLE I: Three sets (η,n0ν , δ) of our MaVaN model.
Eq. (7) simply considering a very neutron-rich environ-
ment [26, 27]. In [26] it is shown that Ye has a dependence
on the neutrino oscillations probabilities given by
Ye ∼ 1
1 + Pν¯〈Eν¯e〉/Pν〈Eνe〉
, (12)
where Pν¯ and Pν are, respectively, the survival probabil-
ities of anti-neutrinos and neutrinos. From this expres-
sion, we clearly see that it is possible to constrain the
oscillation parameters from Ye < 0.5. In [45], it is also
discussed another constraint based on the fact that the
first or the second event of Kamiokande could be related
with νe. Recent analysis of SN1987A data can constrain
the ν¯e supernova emission model [46].
We divide this section into two parts. The first one
concerns the analysis of the oscillation of active elec-
tronic (anti)neutrinos to sterile (anti)neutrinos. In the
second section we discuss the possible limits imposed
by r-process nucleosynthesis in the oscillation parameter
space. In these subsections we will compare the case of
MaVaN scenario, presented in section III, with the case
of standard oscillations.
A. (Anti)neutrinos
Here we calculate the survival probability Pν¯ for the
ν¯e → ν¯s channel of oscillation. Based on the data from
SN1987A and neutrino oscillation only in two families,
several articles, such as [26], discuss that the survival
probability cannot be less than 0.5, for a ν¯e → ν¯s conver-
sion. In this way, it is possible to find regions of exclusion
in the oscillation parameter space (∆m20, tan
2 θ).
We will find probabilities in the context of the MaVaN
parameterization, given by Eq. (9), where we have chosen
the sets for (η, n0ν) as given in Table I.
In Fig. 3 we show the isocurves of average probabil-
ity in the oscillation parameter space (∆m20, tan
2 θ) with
MaVaN (in this figure we use the first line of the Case 1 in
Table I: (η, n0ν) = (0.5, 1×1028 cm−3) and δ = +20 eV2)
and without MaVaN. The thicker curves in Fig. 3 are for
the situation without MaVaN and thinner ones repre-
sent the situation with MaVaN. In the standard scenario
without MaVaN, for lower masses ∆m20  10 eV2 and
tan2 θ  10−1, the survival probability is greater than
0.7 and then in agreement with SN1987A data. When
we include MaVaN, with the parameters in the Case 1 of
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FIG. 3: (Colors in online edition) Isocurves of survival prob-
ability (P ). The dashed represents P = 0.1, the solid one
P = 0.5 and the dotted curve P = 0.7. The curve evolution
set (η, n0ν) = (0.5, 1×1028 cm−3) (case 1) for δ = 20 eV 2.
In this figure, the thicker curves represent the case without
MaVaN (δ = 0).
Table I, we have the presence of new area in the region of
tan2 θ ≈ 10−6 − 106 and ∆m20 ≈ 1− 10 eV2 with sur-
vival probabilities smaller than 0.5 in direct contradiction
with SN1987A data. Then in this case we can exclude
oscillation parameter regions that cannot be tested in the
standard scenario. The isocontours are different depend-
ing on whether the resonance condition is being fulfilled
or not.
To explain the appearance of these new regions we
should resort to Fig. 1. The effective mass difference
in MaVaN mechanism, ∆m˜2(r), can change sign inside
the supernova, leading to new resonances that were not
present before. In standard oscillation scenario without
MaVaN, the right side of Eq. (5) is always negative and
the resonance condition is never fulfilled. But in the
MaVaN mechanism, the effective mass difference ∆m˜2
change sign inside the supernova, as shown in Fig. 2, and
now it is possible to fulfill the condition of Eq. (11).
To test the robustness of our analysis, we choose a
negative value for δ parameter (δ = −20 eV2) as de-
scribed in the second line of the Case 1 in Table I: (η,
n0ν) = (0.5, 1 × 1028 cm−3). The results are shown in
Fig. 4 by the isocontours with MaVaN (thinner curves)
and without MaVaN scenario (thicker curves). Although
there are changes of the isocontour curves of survival av-
erage probability with MaVaN compared with the usual
scenario without MaVaN, they are smaller than the case
of positive δ. Then we can conclude that only a positive δ
will change significantly the anti-neutrino survival proba-
bility and then could be ruled out by SN1987A data. For
smaller values of δ, the MaVaN mechanism is even less
important and there is a very small modification in the
isocontours of survival average probability if we compare
with the standard scenario.
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FIG. 4: (Colors in online edition) Isocurves of survival prob-
ability (P ). The dashed represents P = 0.1, the solid one
P = 0.5 and the dotted curve P = 0.7. The curve evolution
set (η, n0ν) = (0.5, 1×1028 cm−3) (case 1) for δ = −20 eV 2.
In this figure, the thicker curves represent the case without
MaVaN (δ = 0).
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FIG. 5: (Colors in online edition) Isocurves of survival prob-
ability (P ). The dashed represents P = 0.1, the solid one
P = 0.5 and the dotted curve P = 0.7. The curve evo-
lution set (η, n0ν) = (0.8, 1.5 × 1030 cm−3) (case 2) for
δ = 20 eV 2. In this figure, the thicker curves represent the
case without MaVaN (δ = 0).
Another test is obtained by changing the parameter
n0ν using the Case 2 in Table I as shown in Fig. 5, where
(η,n0ν)=(0.8, 1.5×1030 cm−3) and δ = +20 eV2. For this
choice with higher values of n0ν or η, the values of the iso-
contour curves of the average probability in the bottom
part of Fig. 5 shrink to smaller values of vacuum mass
differences and mixing angles if compared to the situa-
tion shown in Fig. 3. For even higher values of (η,n0ν),
new isocontour regions are even smaller (negligible) and
closer to the δ = 0 solution, because the condition of
Eq. (11) is reached only in the inner parts of supernova,
where non-adiabatic effects are dominant and then the
survival probability is near the maximum.
From these tests, we conclude that in the MaVaN
mechanism is possible to change the isocontours of sur-
vival probability as shown in Figs. 3 and 5 for the opti-
mal values of MaVaN parameters as described in Case 1
of Table I. If we remove some of our assumptions: the
coexistence of MaVaN and MSW effects and the adia-
baticity of inner resonance, then we can have a different
range for MaVaN parameters, hence the allowed region
for the oscillation also will change.
B. r-process
The production of heavy nuclei in supernova is still
an open problem. The region between the protoneutron
star and the escaping shock wave a few seconds after the
bounce may be a good site for this process, with high
entropy and an excess number of neutrons. From β reac-
tions, ν¯ep → ne+ and νen → pe−, a modification in the
n/p fraction could happen if one considers neutrino oscil-
lation [27, 47]. We will analyse what happens with this
condition in the context of our MaVaN parameterization
and for ν¯e → ν¯s and νe → νs. We limit our analysis of
neutrino flavor conversion to about r < 50 km, i. e., a re-
gion where there is not any shock wave and has a higher
influence on anti-neutrinos. This is approximately the
region where the r-process nucleosynthesis happens. For
a review of this subject see [48].
From Fig. 2 one can observe that resonances can occur
inside the nucleosynthesis region (r ≈ 50 km). Neverthe-
less such resonances are extremely non-adiabatic when
small values of ∆m20 are taken into consideration. There-
fore, they will not affect the relevant nuclesynthesis. Fur-
thermore, if one considers large values of ∆m20, no reso-
nance happens inside the relevant nucleosynthesis region.
In conclusion, our parameter choice implies that one does
not expect any significant change in nucleosynthesis pro-
cesses.
The evolution of ∆m˜2 represented by the dotted line in
Fig. 1 and its implication in the r-process nucleosynthesis
and oscillation probabilities were discussed in [49].
V. CONCLUSIONS AND OUTLOOK
In this paper we proposed a new phenomenological
parameterization for the variation of the relevant neu-
trino oscillation parameters generally presented in Ma-
VaN models, characterized by the parameters (η,n0ν) and
δ. We analysed the neutrino and anti-neutrino survival
probabilities for the channels ν¯e → ν¯s and νe → νs in the
two flavor context with and without MaVaN. We studied
the constraints on the mixing angle and vacuum mass
difference coming from r-process and the SN1987A data.
Assuming that MaVaN effects and MSW effects are
equally important and the conditions about adiabatic-
7ity of resonances are mantained, we imposed a range
for MaVaN parameters (η,n0ν) that satisfied n
0
ν > 10
28
cm−3 and η < 1. In this range we found that the anti-
neutrino survival probability behavior change, allowing
smaller values of survival probability - P∼ 0.5 - for very
small mixing angles, 10−6−10−2 and small vacuum mass
difference, ∆m20 = 1 − 20 eV2 that are in contradiction
with SN1987A data. Then, if the MaVaN mechanism is
effective with the MaVaN parameters in the range that
we considered, we can rule out regions of parameter space
that were allowed in standard scenario, without MaVaN’s
effects.
We also studied the r-process nucleosynthesis condi-
tion Ye < 0.5 which is always fulfilled, independent of
the oscillation parameters. Then this procedure failed to
produce any constraint.
For the next galactic supernova we expect a much
larger amount of events coming from ν¯e and νe elas-
tic scattering. Then we consider that a good under-
standing of what happens to electronic neutrinos and
anti-neutrinos inside the supernova, in the context of
(anti)neutrino oscillations, is crucial to understand the
signal that will be detected. Any discrepancy between ex-
perimental results and theoretical predictions will point
to new physics. In special we presented that MaVaN
mechanism can distort the neutrino and anti-neutrino
probabilities and be a source of this discrepancy. Need-
less to say that, for anti-neutrinos, the sample data will
be larger and with higher statistics the probability to find
new phenomena will increase.
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